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Wednesday, March 9, 2011 627afunction, S. aureus uses fully saturated but terminally branched lipid acyl
chains, which have a significantly lower phase transition temperature than their
linear counterparts. We found that lipid vesicles composed of synthetic
branched phospholipids are much more susceptible to attack by an amphipathic
peptide than lipid vesicles composed of unsaturated phospholipids with the
same headgroup composition. By contrast, natural membrane lipid extracts
from S. aureus produce lipid vesicles that are as resistant to membrane-
active peptides as those produced using synthetic, unsaturated lipids. We pos-
tulated that an unidentified component present in the S. aureus lipid extracts
serves to stabilize the bacterial cytoplasmic membrane. A possible candidate
is menaquinone, which participates in the bacterial electron transport chain
but could, in addition, have a structural effect on the lipid bilayer. In the
work presented here, we investigated the kinetics of dye efflux from lipid ves-
icles containing between 1 and 5 mol% menaquinone, induced by the antimi-
crobial peptide PMAP-23. PMAP-23 is a 23 amino acid, linear peptide of the
cathelicidin family with the sequence RIIDLLWRVRRPQKPKFVTVWVR.
We found that the presence of physiological concentrations of menaquinone
had a notable effect on peptide-induce dye efflux.
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In Vivo 2H-NMR Study of the Action of Antibacterial Agents on
Escherichia Coli Membranes
Catherine Tardy-Laporte, Alexandre A. Arnold, Isabelle Marcotte.
Contrary to eukaryote membranes, bacterial membranes are negatively charged
owing to the presence of phosphatidylglycerol (PG) or cardiolipin in their inner
membranes. One of the action mechanisms of antibiotics such as antimicrobial
peptides is to selectively interact with negatively charged lipids to create
a breach in the bacterial membrane. The characterization of the cellular mem-
brane integrity is, thus, a key element in understanding the mechanism of action
of antimicrobial agents. Solid-state nuclear magnetic resonance spectroscopy
(SS-NMR) is a useful tool that allows probing the organization and dynamics
of phospholipids in a bilayer. In this work, we have performed an in vivo 2H-
NMRstudy of Escherichia coli membranes labeled with deuterated palmitic
acid. More specifically, we have studied the effect of nanoparticles (NPs)
and antibacterial molecules on the bacteria membrane. The 2H-NMR spectra
obtained on intact cells show that the E. coli membranes were successfully la-
beled according to previous work. A 10-hour exposure to the cationic detergent
cetyltrimetylammonium chloride (CTAC) shows increased membrane fluidity
at high detergent concentration (320mM). The study of the effect of fullerenol
reveals that these NPs increase the lipid mobility in the membrane especially
after 8 hours of exposure. The 2H-NMR spectra obtained in the presence of
polymyxin B show no fast-tumbling membrane fragments, although UV anal-
ysis indicates the leakage of the cell content. These results suggest that this an-
tibiotic would perforate E. coli membranes without their complete disruption.
Our work illustrates the use of in vivo2H NMR studies to understand the specific
action of different substances on labeled biological membranes.
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Regulation of Antimicrobial Peptide Activity through Lipid Chain Order
Diego A. Ramirez, Daniel E. Otzen, Chad Leidy.
During changes in temperature, bacterial membranes present broad but cooper-
ative lipid chain-melting events, where the membrane transitions from a solid-
ordered state into a liquid-disordered state. For example, in Staphylococcus
aureus, this melting event occurs at 15C. This transition has important implica-
tions. When temperature decreases near to the lipid melting event, cell division
is inhibited. Gram-positive bacteria present cold-shock response mechanisms
that shift the melting event to lower temperatures by varying the saturated fatty
acids/unsaturated fatty acids ratio (SFA/UFA). It thus appears that the bacteria
adaptatively strives to minimize the solid-ordered phase. However, the solid-
ordered phase is not completely detrimental to cell viability. Recently we
have shown that the solid-ordered phase induces resistance to PLA2-IIA, an in-
nate human antibacterial agent that acts by disrupting membrane integrity.
Therefore, we propose that adaptative modulation of the SFA/UFA ratio of bac-
terial membranes may alter the physical activity of antimicrobial agents that
disrupt membrane integrity. To corroborate this, we studied, with the use of
model systems, the activity of two antimicrobial peptides Magainin-2 and
Novocidin (AMPs). Based on fluorescence spectroscopy, we measured calcein
leakage potency on POPG (unsaturated) / DPPG (saturated) large unilamellar
vesicles (LUVs). As we modified the SFA/UFA ratio we observe as expected
a shift in the phase transition from ordered to disordered phase. This leads to
1) changes in the peptide needed to induce 50% leakage, and 2) changes in
the leakage kinetic rate constant. Furthermore, we relate this kinetic rate to
the energetics of a two state model in order to quantify the changes in the ac-
tivation energy required for AMPs to perturb the bilayer as a function of theSFA/UFA ratio. We relate this change in activation energy to levels of lipid
packing by measuring Laurdan generalized polarization.
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Lipid Bilayers of Ester-Modified Lipids
Diana Y. Villanueva, Joseph B. Lim, Jeffery B. Klauda.
Lipid membranes and bilayers essentially function as barriers for cells to con-
trol the transport of substances. Since phospholipid membranes consist of a hy-
drophilic surface and a hydrophobic inside, the center of a phospholipid bilayer
is known to contain almost no water and to prevent the transport of water-
dissolving substances, such as ions. These water soluble molecules take alter-
nate routes via ion channel protein pumps to transverse the cell membrane.
Typical lipid bilayers with saturated or moderately unsaturated chains show
a bilayer with a water density that decreases to zero around 10A˚ and remains
at zero at the center. Recent experimental work suggests that ester-modified
lipids allow for ions and water to be present at the center of the bilayer
(JACS, 128: 14034). These ester-modified phospholipid bilayers contain ester
groups along their hydrocarbon chain at various positions. The addition of the
ester groups to these lipids can occur naturally through a free radical reaction
called lipid peroxidation. We are using molecular dynamics simulations to
study two lipid bilayers with additional ester groups on the chain. One lipid
contains ester groups in the upper half of the acyl chain (lipid E) and another
contains ester groups towards the middle and the end (lipid G). The bilayers
contain 15 lipid G (or E) and 35 POPC lipids per leaflet with a hydration of
70.5 waters per lipid. For lipid E, the water density reaches zero at ~7A˚, as op-
pose to the standard 10A˚. As for lipid G, water fully penetrates the bilayer. We
are currently extending these simulations to at least 100 ns, to obtain good sta-
tistics on ion permeation where longer timescales are needed to further under-
stand this water and ion permeation mechanism.
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Lipid-Soluble Hydroquinone Modifications Induced on Membranes
Sergio S. Funari, Vivian Rebbin, Liliana Marzorati, Claudio Di Vitta.
We synthesized new alkylthiohydroquinones (ATHs); in order to investigate
different aspects of lipid-soluble hydroquinones interactions with phospho-
lipids normally found in cell membranes. They have the same long hydropho-
bic alky chains found in many lipids forming the cell membranes. In these
compounds the tails should share the inner of the membrane, while the hydro-
quinone, as polar head group should remain on the surface. One or more al-
kylthio chains attached to the aromatic ring, modifies its hydrophobicity and
should alter the electron distribution. Moreover, the two OH groups become
chemically distinguishable, e.g. NMR spectroscopy and also show different
pKa values.
We investigate the interaction of ATHs with lipid membranes, POPE and
POPC and observe the formation of structures with different morphologies,
or curvature, of the lipid membrane, depending on temperature and pH. We at-
tributed their formation to changes in the balance charge/polarity induced by
the ATHs. Mixtures with POPE at pH=4 forms two cubic phases P4332 and
Im3m that reach a maximum lattice size while in basic conditions they only ex-
pand upon heating from room temperature. They coexist with lamellar or hex-
agonal and have been associated with inhomogeneous distribution of the ATHs
molecules over the lipid matrix. The zwitterionic POPC does not form cubic
phases, but instead shows two lamellar structures up to a high temperature.
In all mixtures of lipid/ATHs we observed the formation of lamellar and
hexagonal phases, similar to the behaviour of pure hydrated lipid e.g. POPC,
while for POPE additional cubic structures, depending on the environment
conditions.
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N-3 polyunsaturated Fatty Acids Disrupt Micron and Nanometer Scale
Non-Raft Organization by Increasing Cell Size and Minimizing Molecular
Interactions with Surrounding Rafts
Benjamin Drew Rockett, Andrew Franklin, Mitchel Harris, Heather Teague,
Justin Williams, Stephen R. Wassall, Andrew H. Nguyen,
Benjamin L. Stottrup, Saame Raza Shaikh.
N-3 polyunsaturated fatty acids (PUFAs), due to their unique molecular struc-
ture, modify plasma membrane organization; however, very few mechanistic
details are known. Here we tested the hypothesis that n-3 PUFAs, in compari-
son to other fatty acids, can specifically disrupt the organization of non-rafts on
several length scales using quantitative imaging. On a micron scale, EL4 cells
treated with eicosapentaenoic (EPA) and docosahexaenoic (DHA) acid ro-
bustly increased accumulation of the non-raft probe FAST DiI. The increase
in FAST DiI accumulation was dependent on the total cellular levels of EPA
and DHA, as revealed by linear regression analysis across differing cell types
628a Wednesday, March 9, 2011treated with n-3 PUFAs in vitro and in vivo. Unexpectedly, in vivo studies also
revealed n-3 PUFAs disrupted rafts by increasing their size. On a nanometer
scale, FRET imaging showed EPA and DHA increased the distance between
non-raft molecules of EL4 cells. The increase in distance between non-raft mol-
ecules was due to an increase in cell size, driven by EPA and DHA’s ability to
promote cellular proliferation. Finally, we used model membranes to determine
how EPA and DHA disrupted nonraft organization at a molecular level. NMR
spectroscopy and quantitative microscopy revealed EPA and DHA acyl chains
increased the nano- and micrometer size of non-raft domains by minimizing
molecular interactions with surrounding rafts. Taken together, the data suggest
a unifying model in which EPA and DHA target and disorder the organization
of not only rafts but also non-rafts, which could serve as key intermediates to
disrupt membrane architecture and cellular function.
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EPAandDHAInteractDifferentiallywithCholesterol: Solid State 2HNMR
of PUFA-Containing Phospholipids in Mixtures with Lipid raft Molecules
Justin A. Williams, Shawn E. Batten, M. Alan McCabe, William Stillwell,
Saame Raza Shaikh, Stephen R. Wassall.
A plethora of health benefits accompany dietary consumption ofu-3 polyunsat-
urated fatty acids (PUFA) eicosapentaenoic (EPA, 20:5) and docosahexaenoic
(DHA, 22:6) acids found in fish oils. An emerging view for one mechanism of
action is that u-3 PUFA incorporate into phospholipids of the plasma mem-
brane and, due to their aversion for cholesterol, affect lateral organization.
What is unclear is which component of fish oil drives the structural and con-
comitant functional changes. Here we test EPA vs. DHA in mixtures with
the lipid raft molecules egg sphingomyelin (SM) and cholesterol. Our approach
is to employ solid state 2H NMR to characterize the molecular organization
of EPA-containing 1-[2H31]palmitoyl-2- eicosapentaenoylphosphatidylcho-
line ([2H31]16:0-20:5PC) and DHA-containing 1-[
2H31]palmitoyl-2-docosa-
hexaenoylphosphatidylcholine ([2H31]16:0-22:6PC), and of oleic acid (OA,
18:1)-containing 1-[2H31]palmitoyl-2-oleoylphosphatidylcholine ([
2H31]16:0-
18:1PC) as a control. Spectra for mixtures with SM and cholesterol (1:1:1
mol) support our model according to which poor affinity of PUFA for the sterol
promotes the formation of highly disordered PUFA-rich/cholesterol-poor (non-
raft) domains on the nanoscale. The novelty of the results lies in the enhanced
effect seen for EPA relative to DHA. Less interaction with cholesterol is indi-
cated by the smaller increase in sterol-induced order measured for [2H31]16:0-
20:5PC compared to ([2H31]16:0-22:6PC, and a larger domain size is implied
with EPA than DHA. We speculate that these preliminary observations at the
molecular level may reflect a more influential role for EPA.
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Role of Phospholipid Head Groups in Silver Nanoparticles Interaction
with Membranes
Ramakrishnan Parthasarathi, S. Gnanakaran.
In order to understand the biocompatibility and cell affinity of metal nanopar-
ticles for biosensing and drug delivering applications and also for nanotoxicity
aspects, we investigate the different charged state phospholipid head groups in-
teracting with silver (Ag) nanoclusters. Binding interactions of Ag, which serve
as simple catalytic models of Ag nanoparticles with phospholipids, was studied
using density functional theory (DFT). Geometries of neutral, anionic, and cat-
ionic phopholipid head groups with silver nanoparticle were optimized using
the DFT-B3LYP approach with combined basis sets. The combined basis set
used here for phospholipid and silver clusters was represented by 6-311þþG
(d,p) and LANL2DZ, respectively. This work demonstrates that the interaction
of silver clusters with phospholipid head group is governed by two major bond-
ing factors: (a) the anchoring phosphotidyl OAg, and (b) the nonconventional
NH$$$Ag and CH$$$Ag hydrogen bonds. Role of different charge state
within the membrane lipids and metal affinity on their interaction with Ag nan-
poarticle is very crucial and will be discussed here in detail. DFT based global
and local chemical reactivity descriptor analysis and natural bond orbital anal-
ysis was performed to calculate reactivity, charge transfer, and Wiberg bond
indices of the nano-bio complexes. Bader’s ‘‘atoms in molecules’’ theory is
used to determine the nature of interactions that exhibit both electrostatic
and covalent characters.
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Application of Neutron Diffraction for Localization of Specifically Deuter-
ated Penetration Enhancers in Oriented Stratum Corneum Model
Membranes
Tanja Engelbrecht, Thomas Hauss, Bodo Dobner, Reinhard N. Neubert.
The unique lamellar lipid matrix of the stratum corneum (SC) is known to play
a key role in forming the main protecting barrier of the mammalian skin. This
barrier function can be influenced e.g. by application of penetration enhancers.
To learn more about their mode of action, the present study aimed at the char-acterization of the influence of lipophilic penetration enhancers like oleic acid
(OA) on the bilayer structure of highly oriented SC model membranes. For ex-
act localization of the enhancer molecules inside the bilayers of the studied qua-
ternary SC models, we applied specifically deuterated penetration enhancers
(e.g. OA-9,10-D2 and isopropyl myristate-14,14,14,13,13-D5) to the samples
which were investigated by means of
neutron diffraction. Benefitting from the
advantages offered by the neutron diffrac-
tion technique, we could evaluate the exact
position of the deuterium labels inside the
membrane. Furthermore, hydration proper-
ties of the membrane could be studied and
the bilayer architecture was elucidated by
calculating the neutron scattering length
density (neutron SLD) profiles using
Fourier transform.3401-Pos Board B506
The Effects of Sustained Hydrostatic Pressure on Human Bladder Smooth
Muscle Cells Grown on Polymer Scaffolds
Hana Hanaee Ahvaz, Hamid Mobasheri, Mohamad Soleimani.
Monitoring the effect of different stationary and dynamic hydrostatic forces
regimen imposed on bladder cells has achieved great consideration in bladder
tissue engineering. In this study the effect of sustained hydrostatic pressure
10 cm water on smooth muscle cells grown on electo-spinned PLA-PLGA
(60/40) polymer scaffold was studied. Gene expression changes were moni-
tored for 3, 5, and 7 days. According to our quantitative PCR results the expres-
sion of Collagen Type I and III and IV as well as alpha actin smooth muscle,
actin, elastin, calponin and caldesmon increased by day 5 and then decreased.
Based on ELIZA results, at day 5 expression of both differentiation marker
(desmin) and dedifferentiation marker (alpha actin smooth muscle) was in-
creased. Collagen type I was up regulated but type III down regulated.
Although mechanical stimulation has important effect on bladder function,
pathologic condition such as outlet obstruction, disturbs both pattern of pheno-
typic markers and collagen type III to I ratio.
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Pulmonary Surfactant Membranes of Hibernating Ground Squirrels
Possess Increased Fluidity but are Capable of Maintaining an Ordered
Membrane Structure at Low Temperatures
Lakshmi N.M. Suri, Lynda McCaig, Victoria Picardi, Ruud Veldhuizen,
James Staples, Fred Possmayer, Jesus Perez-Gil, Sandra Orgeig.
Pulmonary surfactant, a mixture of lipids and proteins, regulates the surface
tension at the air-liquid interface of the lung. Reduced body temperature during
hibernation is accompanied in 13-lined ground squirrels (Ictidomys tridecemli-
neatus) by an increase in fluid monounsaturated phosphatidylcholine (PC) spe-
cies (e.g. PC 16:0/16:1, PC 16:0/18:1) and phosphatidylglycerol (PG) species
(e.g. PG 16:0/18:1, PG 18:0/18:2), but fewer disaturated PC and PG species.
Previously we speculated that altered surfactant lipid composition during met-
abolic depression states such as torpor or hibernation will reduce the phase tran-
sition temperature (Tm) of the mixture, enabling pulmonary surfactant to
remain fluid over a broader range of temperatures and thereby maintaining re-
spiratory function. Here we analyze thermodynamic properties and behavior of
surfactant from hibernating and summer-active 13-lined ground squirrels in re-
lation to natural porcine surfactant, using differential scanning calorimetry and
LAURDAN fluorescence spectroscopy. In addition we conducted epifluores-
cence studies to visualize changes in phase coexistence of surfactant films of
hibernating and summer-active animals. Surfactant membranes of hibernators
showed gel-to-fluid transitions at lower Tm with reduced enthalpy relative to
membranes from summer-active squirrels. Both exhibited lower enthalpy
than porcine surfactant. LAURDAN fluorescence and epifluoresence suggested
possible structural re-arrangements of surfactant membrane lipids and films, re-
spectively, in hibernators. These exhibited a similarly dehydrated and con-
densed highly packed ordered phase as for summer active squirrels, despite
differences in composition and Tm. In conclusion, pulmonary surfactant com-
position changes in hibernating squirrels to increase overall fluidity, but to
maintain an ordered membrane structure at low temperature.
